Introduction
============

The reproductive system is unique for its distinguished cellular turnover during each reproductive cycle (i.e., menstrual and estrous cycles). Cellular changes in the uterine involve regeneration, differentiation, and shedding of endometrium tissue during the menstrual cycle or growth and apoptosis during the estrus cycle. The immature follicles embedded in ovarian tissue pass finally through different stages of development and ovulate. Cellular remodeling of uterine tissue is attributed to steroidal hormones in the ovary, and ovarian tissue is affected by the steroidal hormones it secretes ([@B1], [@B2]).

Studies on reproductive biology have recently focused on Wingless-type (Wnt) signaling. Steroidal hormones affect the Wnt signaling pathways in reproductive organs and have been discussed as a target for endocrine disorders. Wnt signaling also regulates many vital aspects of developmental and physiological processes, such as cell growth and proliferation, generation of cell polarity and differentiation, homeostasis, apoptosis, and cell-cell interactions during embryogenesis ([@B3]-[@B6]).

The Wnt signaling system is activated via two pathways: canonical (β-catenin-dependent) and non-canonical (β-catenin-independent) which in turn control the expression of its target genes. Canonical Wnt signaling affects specific target genes via members of the transcription factor T cell/lymphoid enhancer binding transcription factor (Lef/Tcf) family ([@B6]). The expression of target genes of β-catenin pathways regulates cellular biology and tissue homeostasis. For example, the *Myc2*, Ccnd1, and *Ppard* genes regulate cell proliferation, whereas *Ascl2* and Vegf regulate stem cell fate determination and angiogenesis, respectively. Furthermore, the *Id2*, Itf2, and Enc1 genes have been implicated in regulating cell differentiation ([@B5]-[@B7]).

Wnt signaling plays a key role in the differentiation of uterine endometrium during the menstrual or estrous cycle ([@B3]-[@B5]). In this regard, the expression levels of Wnt-2, Wnt-3, Wnt-4, Wnt-5a, Wnt-7a, and Wnt-7 were detected in the normal uterine endometrium during the menstrual cycle ([@B8], [@B9]). It was shown that estrogen activates canonical Wnt signaling, which is essential for the proliferation of epithelial cells but exerts no effect on uterine stromal cells ([@B3]-[@B6]). However, the regulatory effects of steroidal hormones on Wnt signal target genes remain unidentified. The interaction of β-catenin signals and estrogenic receptors changes DNA transcription. Nucleotide sequences were distinguished by both Tcf and estrogen receptors. In addition, Tcf and estrogen receptors in the presence or absence of DNA could interact and form a complex as an antagonist or stimulating factor depending on the target gene promoter activity, which in turn sets up a dialogue to induce late estrogenic growth response ([@B3]-[@B5], [@B8], [@B9]).

Four phase including proestrus, estrus, metestrus, and diestrus have organized the estrous cycle: At each phase of the estrous cycle, specific changes in the uterus and ovaries, such as cellular proliferation, apoptosis, and differentiation, are affected by steroidal hormones ([@B10]).

To the best of our knowledge, the expression pattern of β-catenin target genes during the estrous cycle has not yet been reported. Hence, in the present study, the expression pattern of β-catenin target genes examined in ovarian and uterine tissues during different phase of normal estrous cycle.

Materials and methods
=====================

**Animals**

In this experimental study, 6-8-wk-old virgin female National Medical Research Institute mice (n=16) were purchazed from the Pasteur Institute of Iran. Animals were acclimated for at least 7 days before any experimental manipulations. The animals were cared and housed in standard cages in a room with controlled temperature (22-24^o^C) and humidity (30-70%), as well as 12 hr light/dark cycle, lights on at 6:00 a.m. At least four animals were examined at each experiment point.

**Histological analysis of estrous**

The stages of the estrous cycle were determined by first evaluating the vaginal orifice, confirming the phases of the estrous cycle by vaginal cytology, and finally conducting a histology of uterine and ovarian tissues as previously described ([@B10]). In brief, every morning, each animal was examined for vaginal appearance. The criteria of visual observation of the vaginal orifice to evaluate the stage of the estrous cycle were in accordance with the defined norms by Bagheripour and colleagues ([@B11]). After visual observation of the vaginal orifice, the mice were sacrificed by cervical dislocation and their uterus and ovaries were removed and cytological evaluation of vaginal smears was performed.

In brief, repeated pipetting and flushing of 10 µL of phosphate buffer saline (PBS; Sigma Aldrich, Cambridge, UK) in the vagina were conducted using a plastic pipette. Then, the content of vaginal flushing was loaded onto glass slides, fixed, and then stained with methanol and methylene blue (2%). The stained slides were assessed under a light microscope (Nikon, Tokyo, Japan) with 10× and 40× objective lenses. Cells that were considered included nucleated epithelial cells, irregular cornified cells, and polymorphonuclear leukocytes. Previously described histological criteria were used to confirm the accuracy of the estrous cycle staging ([@B10]).

In brief, the ovarian and uterine tissues were fixed in 4% paraformaldehyde (Merck, Darmstadt, Germany) for 12 hr at 4^o^C. Afterward, the tissues were dehydrated in increasing concentrations of ethanol series and then cleared in xylene (Merck, Darmstadt, Germany). Subsequently, they were embedded in paraffin wax, and 5 µm transverse microtome sections were stained with hematoxylin-eosin (H&E). The stained slides were assessed under a light microscope (Nikon, Tokyo, Japan) with 10× and 40× objective lenses.

**Reverse transcription quantitative polymerase chain reaction (RT-qPCR)**

The ovarian and uterine tissues at the different stages of the estrous cycle were excised and frozen in liquid nitrogen until examination. Total RNA was harvested with Trizol reagent (Qiagen) in accordance with the manufacturer's instructions. Extracted RNA was dissolved in diethylpyrocarbonate-treated water and any DNA contamination was eliminated using RNAse-free DNAse. RNA quality was evaluated using the density ratio of 28S-18S rRNA bands. RT-qPCR was carried out on an ABI PRISM 7000 sequence detection system (Applied Biosystems, USA) using Fast SYBR® Green Master Mix Kit (Fermentase, USA).

According to the program formulated in the pre-tests, relative change in gene expression was normalized with glyceraldehyde-3-phosphate dehydrogenase (*Gapdh*) and calculated using the ΔΔCt method. Detailed information of the primers used for amplification is provided in [table I](#T1){ref-type="table"}. Specificity of the PCR products was approved by analyzing of melting curve. In addition, owing to confirm the presence of a single right-sized PCR product, the samples were run on 2% agarose gels.

**Ethical consideration**

The Damghan University Institutional Animal Ethical Committee approved all experimental procedures (25: 2017). Free access to standard laboratory chow and water was provided.

**Statistical analysis**

All experiments were repeated at least four times. Statistical analysis was performed using SPSS (Statistical Package for the Social Sciences, version 19.0; SPSS Inc., Chicago, USA) and one-way analysis of variance (ANOVA) for real-time PCR results. Post-hoc Tukey's HSD was used for multiple comparisons. Statistical significance was considered at p\<0.05.

Results
=======

**Histological analysis of estrous**

The cytological appearance of mouse vaginal flushing and the histological properties of the uterine and ovarian tissues that define the four stages of the estrous cycle are shown in [figure 1](#F1){ref-type="fig"}. Vaginal smear of the proestrus phase showed the dominant presence of nucleated cells and some cornified epithelial cells ([Figure 1 a](#F1){ref-type="fig"}). While, in the estrus stage, cornified epithelial cells were dominant ([figure 1d](#F1){ref-type="fig"}). An equal proportion of cornified epithelial cells, polymorphonuclear leukocytes, and some nucleated epithelial cells were characteristic of the metestrus vaginal smear ([Figure1g](#F1){ref-type="fig"}). In addition, vaginal smear of diestrus phase showed mostly polymorphonuclear leukocytes and some epithelial cells ([Figure 1j](#F1){ref-type="fig"}). The histological features of the uterus in the proestrus stage ([Figure 1b](#F1){ref-type="fig"}) were characterized by the presence of leukocyte infiltration, and luminal dilation. Meanwhile, the ovarian tissue in the proestrus phase showed several tertiary follicles and degenerated corpus luteum ([Figure 1c](#F1){ref-type="fig"}).

At the estrus stage, uterine histological features were large and tall columnar cells of the endometrial layerlumen dilation and infiltrated leukocytes in the endometrial glands ([Figure 1e](#F1){ref-type="fig"}). Several Graafian (preovulatory) follicles observed in the estrous ovarian section ([Figure 1f](#F1){ref-type="fig"}). In the metestrus stage, mitotic figures increased and leukocyte infiltration decreased than that in the estrus stage ([Figure 1h](#F1){ref-type="fig"}). In the ovarian section of the metestrus phase, corpus hemorrhagicum formed ([Figure 1i](#F1){ref-type="fig"}). The uterus lumen in the diestrus stage ([figure 1k](#F1){ref-type="fig"}) was small and slit-like with stromal edema. Moreover, large corpus luteum was detected in the ovarian tissue at the diestrus stage ([Figure 1l](#F1){ref-type="fig"}).

**Reverse Transcription quantitative PCR**

Quantitative real-time PCR revealed the expression of *Myc2*, Pprd, *Id2*, *Birc5*, and *Ascl2* in the uterine and ovarian tissues during the estrous cycle ([Figure 2](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}).

In the uterine tissue, comparison of the normalized Ct values (2-ΔΔct) showed that the mRNA expression levels of *Id2*, *Ascl2*, and Pprd were significantly higher at the proestrus stage than at the other stages of the estrous cycle. By contrast, no significant difference was found in the mRNA expression of *Id2*, *Ascl2*, and Pprd among the estrus, metestrus, and diestrus stages. Furthermore, the mRNA expression level of *Myc2* in the uterine tissue was significantly higher at the diestrus stage than at the estrus and metestrus stages. However, no significant difference in the mRNA expression of *Myc2* in the uterine tissue was found between the diestrus and proestrus stages as well as between the estrus and metestrus stages. The expression level of *Birc5* in the uterine tissue was significantly higher at the proestrus phase than at the estrus phase, whereas that of *Birc5* was significantly higher at the metestrus stage than at the estrus and proestrus stages ([Figure 2](#F2){ref-type="fig"}).

The WNT target genes were expressed in the ovarian tissue at all stages of the estrous cycle. The expression levels of *Id2* and *Ascl2* were significantly higher at the proestrus stage than at the other stages of the estrous cycle. Meanwhile, the lowest expression of *Id2* and *Ascl2* was found at the metestrus stage in the ovarian tissue. Furthermore, the mRNA expression of Pprd in the ovarian tissue was significantly different among all stages of the estrous cycle. The mRNA expression level of Pprd was significantly higher at the estrus stage than at the other stages. Meanwhile, the expression level of Pprd was significantly higher at the proestrus stage than at the metestrus and diestrus stages. In addition, the lowest expression of Pprd was detected in the diestrus stage in the ovarian tissue. The mRNA expression level of *Myc2* in the ovarian tissue was significantly higher at the estrus stage than at the other stages of the estrous cycle. Moreover, no significant difference in the mRNA expression of *Myc2* in the ovarian tissue was found between the diestrus and proestrus stages.

Furthermore, the *Myc2* expression in the uterine tissue revealed no significant differences between the proestrus and metestrus stages. By contrast, the expression level of *Myc2* in the uterine tissue was significantly higher at the diestrus phase than at the metestrus phase. In the ovarian tissue, the mRNA expression of *Birc5* was significantly higher at the proestrus stage than at the other stages of the estrous cycle. By contrast, no significant difference was observed in the mRNA expression of *Birc5* among the estrus, metestrus, and diestrus stages ([Figure 3](#F3){ref-type="fig"}).

###### 

List of primers

  **Primer**   **Sequence**                  **Primer size**   **Product size**   **TM**
  ------------ ----------------------------- ----------------- ------------------ --------
  Myc2-F       5- GTTGGAAACCCCGCAGACAG-3     20                260                62.5
  Myc2-R       5- CGACCGCAACATAGGATGGA-3     20                                   60.5
  Ppard-F      5- CATGTCGCACAACGCTATCC-3     20                246                60.5
  Ppard- R     5- TGCCACAGTGTCTCGATGTC-3     20                                   60.5
  Id2-F        5- AGCATCCCCCAGAACAAGAAG-3    21                248                61.2
  Id2-R        5- AATTCAGATGCCTGCAAGGAC-3    21                                   59.5
  *Birc5*-F    5-TCCCGGCATGCTCTGC-3          16                208                55.9
  *Birc5*-R    5-TCCGCCATTCGCTCTGG-3         17                                   57.3
  Ascl2-F      5-CTCTTGGGGCTTAAGGGCTG-3      20                253                62.5
  Ascl2-R      5-CCGTACCAGTCAAGGTGTGC-3      20                                   62.5
  Gapdh-F      5-TGACATCAAGAAGGTGGTGAAGC-3   25                203                60.6
  Gapdh-R      5-CCCTGTTGCTGTAGCCGTATTC-3    22                                   62.1

*Myc2*: Myelocytomatosis oncogene

*Ppard*: Peroxisome proliferator activator receptor delta

*Id2*: Inhibitor of DNA binding 2

*Birc5*: Baculoviral IAP repeat-containing 5

F: Forward

*Gapdh*: Glyceraldehyde-3-phosphate dehydrogenase

*Ascl2*: Achaete-scute family bHLH transcription factor 2

R: Reverse
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![RT-qPCR results of the expression of *Myc2*,*Pprd*, *Id2*, *Birc5*, and*Ascl2* in the uterine tissue at the different stages of the estrous cycle. Error bars, ± 1 SD.](ijrb-16-069-g002){#F2}

![RT-qPCR results of the expression of *Myc2*,*Pprd*, *Id2*, *Birc5*, and*Ascl2* in the ovarian tissue at the different stages of the estrous cycle. Error bars, ± 1 SD.](ijrb-16-069-g003){#F3}

Discussion
==========

The results of the present study showed that the expression pattern of target genes in the Wnt/β-catenin pathway is different in the uterine and ovarian tissue at the different stages of the estrous cycle.

The uterus is the primary target of steroidal hormones produced from the ovary during reproductive cycles. The ovaries are also affected by the steroidal hormones they secrete ([@B1]). Members of the Wnt family play important roles in the early stages of embryonic development, as well as in adult homeostasis. It is noteworthy that Wnt family members are affected by steroidal hormones ([@B3], [@B4]). Estrogen induces the proliferation of uterine epithelial cells and is essential for the preservation of secretory activity, cellular differentiation, and normal morphology of the epithelial cells of the uterus ([@B1]).

The general consensus is that the estrogen in the uterus exerts its effects through the activation of nuclear receptors ([@B12]). In addition to the classic pathway, estrogen activates the conventional Wnt signaling in the uterus through an independent method ([@B13]). However, the relation of the estrogen biphasic response to the molecular events in the uterus remains unclear to date. The canonical Wnt signaling is immediately activated in response to estrogen, which is important for estrogen-dependent growth in the delayed phase. In addition, Wnt signaling connects the fast and delayed phases ([@B9], [@B14]). Changes in the estrous cycle are well simulated under anatomical and physiological conditions. During the pre-ovulatory period (proestrus), ovarian follicles secrete E2 and reach a peak at the estrus phase, when ovulation occurs. Then, progesterone (P4) levels rise during metestrus and reach a peak at the diestrus phase, followed by decrement and increment of P4 and E2, respectively, and start another cycle ([@B15]).

In the present study, the expression of some target genes of the Wnt/β-catenin pathway, including *Myc2*, *Ppard*, *Id2*, *Birc5*, and *Ascl2*, was investigated at the different stages of the estrus cycle in the uterus and ovaries. The highest expression of *Id2*, *Ascl2*, and *Ppard* in the mouse uterus was observed at the proestrus stage. At this stage, the level of estrogen increases, whereas that of P4 decreases, and the expression of the downstream gene expression increases, given that estrogen activates the Wnt signaling pathway ([@B3]).

In addition, the aforementioned genes in the estrus stage had the lowest expression levels. This result indicates that the estrogen levels at this stage decrease while the P4 levels increase; therefore, the induced estrogen effect is reduced ([@B3]). *Ppard* regulates the transcription of genes involved in metabolic pathways, specifically in the transmission of fatty acids ([@B16]). Thus, *Ppard* is involved in the development of metabolic disorders in the body ([@B16]). In the present study, the expression of this gene increased at the proestrus stage, which can be expected considering that increased metabolic activity occurs in the estrus phase. Moreover, the expression of the *Ascl2* gene at the proestrus stage significantly differed from that at the other stages. This pattern of expression is similar to the expression of this gene in implantation and pregnancy, i.e., the expression of this gene is high at the early stages of pregnancy and then decreases ([@B17]). In addition, the expression pattern of the *Id2* gene varies with sex ([@B18]).

Thus, the expression of this gene is influenced by the profile of individual steroidal hormones ([@B18]). Regarding the effect of steroidal hormones on the Wnt pathway, the gene expression varies during the different phases of the estrus cycle. In addition, the results of the present study showed that *Myc2* was significantly increased in the proestrus stage compared with the estrus, but its expression rate at the diestrus stage was significantly higher than those at the proestrus and estrus stages. The expression of the *Myc2* gene is low during cellular differentiation ([@B19]) The reduction of its expression at the estrus and proestrus stages is possibly due to the change in the status of the uterus. *Myc2* is a nuclear factor that contributes to the regulation of a wide range of biological processes, including division control, apoptosis, cell growth, angiogenesis, and differentiation ([@B19]).

These features of *Myc2* prepare the uterine endometrium for the proliferation phase of the reproductive cycle. The results of previous experiments indicated that *Myc2* plays an unexpected role in controlling the self-renewal of stem cells ([@B20]). Evidence suggests that *Myc2* affects the differentiation of stem cells by a mechanism independent of its effect on division and survival ([@B20]). The presence of stem cells in the uterus was confirmed earlier.

*Birc5* is the only apoptotic suppressor protein that acts as a mitotic regulator ([@B21]). This is consistent with the results of the present study, which shows that *Birc5* expression increased at the metestrus and diestrus stages, which are both secretion phases, and the uterine endometrium thickened. Inhibition of *Birc5* increases cell death through apoptosis. Downregulation of *BIRC5* expression at the proestrus stage is relatively a reflection of this issue, as in the late estrus period, necrosis and thinning of the uterine endometrium begin ([@B16]).

In addition, changes in the expression of target genes of the Wnt/β -catenin pathway were observed in the ovarian tissue at the different stages of the estrous cycle. Wnt signaling pathways are involved in the regulation of ovarian function and, consequently, contribute to normal ovarian function and fertility. The widespread physiological involvement of Wnt signaling in the adult ovary remains unclear. Wnt family gene expression of rodent ovaries is affected by hormones. In this regard, administration of human chorionic gonadotropin elevated the Wnt4 expression in rat granulosa cells ([@B22]).

Previous investigation showed that the Wnt pathway and downstream components influence the developing follicle and corpus luteum of rats, mice, humans, and cattle ([@B22]-[@B26]). Steroid production followed by Follicle stimulating hormone (FSH) secretion in the granulosa cells of antral follicles regulates the β-catenin signaling pathway because an increase in β-catenin protein is accompanied by high intrafollicular estradiol concentrations ([@B25]). In agreement with the role of β-catenin in ovarian follicle steroidogenesis, FSH can stimulate the β-catenin pathway and downstream target genes ([@B25], [@B27], [@B28]). Therefore, the β-catenin pathways support FSH-mediated activities in ovarian follicular cells ([@B29]).

The β-catenin pathway plays a role in P4 production from the bovine corpus luteum after luteinizing hormone stimulation, However, β-catenin alone is insufficient to modulate steroidogenesis, and gonadotropins are necessary to maximize the effect of β-catenin on steroidogenesis in follicle cells ([@B28]). Thus, β-catenin contributes to the gonadotropin induction of ovarian steroidogenesis ([@B27]).

Conclusion
==========

In conclusion, the expression pattern of target genes in the Wnt/β-catenin pathway is different in the uterine and ovarian tissue at the different stages of the estrous cycle. This result indicates that expression of the target genes of the Wnt/β-catenin route is according to changes of the hormonal profile at the different stages of the estrous cycle.
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